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A flexible lightweight high pressure pipe for riser or pipeline applications, especially offshore, comprising an internal liner (3), a first 
structural layer (4) applied to the internal liner, for absorbing pressure loads, one or more additional structural layers (5, 6) applied to the 
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of the strips, and which are wound around the pipe (1), but are not bonded to the adjacent strips (1 1) or to the layers (4, 7) above or below 
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A flexible lightweight composite pipe for high pressure oil and 
gas applications 

The invention relates to a flexible lightweight high pressure pipe for riser 
or pipeline applications, especially offshore, comprising an internal liner, a first 
structural layer applied to the internal liner, for absorbing pressure loads, one or more 
additional structural layers applied to the first structural layer, for absorbing axial and 
bending loads, and a fluid-tight external cover, wherein at least the first and the 
additional structural layers are manufactured from a lightweight composite material 
consisting of a fibre-reinforced polymer matrix. 

For high pressure offshore riser and pipeline applications, there exists 
several types of pipe constructions. The two main categories are rigid pipes (metallic 
and non-metallic), and fully non-bonded flexible pipes. 

Rigid pipes have a high axial and bending stiffness and are constructed 
with a solid pipe wall which withstand all design loads. These pipes may be used for 
riser or pipeline applications, and are usually used in a jointed configuration. The riser 
or pipeline is assembled of separate sections joined by welding, bolting, threading, or 
other connection mechanisms. These pipes may be constructed of metallic materials, or 
of lightweight composite materials. Pipes of composite materials are not yet used for 
riser applications, but are under development. However, these pipes are based on 
bonded composite technology, which results in a pipe which has high strength, but also 
high stiffness. 

A traditional non-bonded flexible pipe consists of an internal 
thermoplastic liner reinforced by multiple metallic structural layers, with an external 
thermoplastic cover. Each structural layer of this pipe is constructed of multiple discrete 
strips wound helically on the pipe. The strips are not bonded, and can move relative to 
each other. The structural layers can be described according to their function, viz. an 
internal carcass used to withstand external pressure, one or more layers to withstand 
internal pressure, and multiple layers to withstand axial and bending loads. For many 
offshore riser applications, rigid pipes are not suitable because of the high bending 
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flexibility required. In these applications, flexible risers are often used. However, oil 
and gas production are occurring at deeper and deeper waters. In very deep water 
(greater than 1000 meters) traditional flexible pipes which incorporate metallic 
structural layers, experience problems with high self-weight of the riser. One way to 
solve this weight problem, is to add external buoyancy elements along the riser for 
support, but buoyancy elements increase the loads on the riser caused by currents, and 
are themselves veiy expensive. 

Another solution is to replace the metallic strips of the structural layers of 
a flexible riser with strips made of a lightweight composite material. This composite 
takes the form of unidirectional fibre reinforced polymeric material. There are currently 
projects ongoing to manufacture and qualify non-bonded flexible pipes which 
incorporate composite strips in some of the structural layers. For dynamic offshore 
applications, this solution to date is only suitable for the layers used to withstand axial 
and bending loads. These layers consist of strips wrapped on the pipe at angles between 
10° and 45° to the longitudinal axis of the pipe. Incorporation of composite materials in 
these layers reduces the total weight of the riser. However, replacement of the pressure 
load bearing layer with composite strips has not been achieved. Therefore, although 
lighter than traditional flexible pipe, the pipe requires a metallic pressure load bearing 
layer that still has a significant weight, limiting the potential areas of application. 

For a traditional flexible pipe, the metallic strips of the pressure load 
bearing layer are wrapped on the pipe at angles between 65° and 90° to the longitudinal 
axis of the pipe. In order to maintain a constant distance between the metallic strips, 
these are formed with an interlocking shape (either an ,f S M -shape or a M C M -shape) which 
prevents excessive axial movement. This results in concentrated transfers loads and 
stresses in the strip when the pipe is bent or stretched axially. While a metallic material 
can withstand these stresses, this is not the case with a composite strip manufactured 
from a unidirectional reinforced polymer, and it is therefore not suitable for this design. 

A flexible pipe structure of the introductorily stated type is known from 
US patent publication 5 261 462. The pipe according to this patent is a flexible 
composite pipe for static onshore applications within the oil industry. The pipe has one 
or more structural layers to withstand internal pressure, and additional structural layers 
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having the function to absorb axial and bending loads. All structural layers consist of a 
plurality of individual fibre-reinforced strips wrapped around the pipe, but are not 
bonded to the adjacent strips or to the layers above or below these. Also the first 
structural layer here consists of non-bonded strip wrapped around the pipe at an angle 
close to 90° to the longitudinal axis of the pipe. This gives some advantages, but has 
several drawbacks associated with forces and stresses between the individual strips in 
this structural layer. A composite strip manufactured from unidirectional reinforced 
polymer will not effectively be able to withstand the transverse stresses which will 
occur under high bending loads. Thus, this known pipe is not suitable for application as 
a dynamic, flexible high pressure riser, since the pressure load bearing layer is not 
capable of withstanding large dynamic axial deformations. 

On this background it is a general object of the invention to provide a 
flexible high pressure pipe which is suitable for riser and pipeline applications, 
especially offshore, and which comprises lightweight composite materials in both the 
pressure load bearing layer and the axial and bending load bearing layers of the pipe. 

A more particular object of the invention is to provide a lightweight high 
pressure composite pipe which is able to withstand high bending deformations, and 
which is suitable for applications requiring a high bending flexibility. 

For achieving the above-mentioned objects there is provided a flexible 
high pressure pipe of the introductorily stated type which, according to the invention, is 
characterized in that the first structural layer is a solid layer which is reinforced by long 
continuous fibres extending around the pipe, so that the layer has a high strength in the 
hoop direction of the pipe, and that each of the additional structural layers, as known 
per se, consists of a plurality of individual strips reinforced by fibres extending 
essentially in the longitudinal direction of the strips, and which are wound around the 
pipe, but are not bonded to the adjacent strips or to the layers above or below these. 

By combining a solid structural layer with a plurality of non-bonded 
structural layers in the manner stated above, the invention allows the use of a light- 
weight composite material in both the pressure load bearing structural layer and the 
axial and bending load bearing structural layers of the pipe, something which results in 
a flexible pipe having a much lower weight than the traditional pipe. Because of die low 
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density of most of the materials used in the pipe, the pipe will have an extremely low 
submerged weight. 

Due to the low weight, the riser according to the invention will also allow 
operations at greater water depths than what is permitted with traditional flexible pipes. 
In addition to the operational benefits, the low weight of the pipe will facilitate the 
installation, by reducing the size of equipment required to lift and bend the pipe. This 
applies both when the pipe is used as a riser, and when it is used as a static pipeline. 

For typical riser applications, the low weight of the pipe design allows 
easier optimization of the riser configuration. In some cases it may be necessary to add 
additional weight along the length of the pipe, but it will be possible to position the 
weight where it is required. This is in contrast to a heavier riser which has a greater 
weight along the entire length of the pipe. In addition, the amount of buoyancy required 
to support the pipe, will be greatly reduced. These factors result in a riser system which 
is easier to adapt to a variety of applications. 

The invention will be further described below in connection with 
exemplary embodiments with reference to the drawing, wherein 

Fig. 1 shows a perspective view of a part of a pipe according to the 
invention, wherein the individual layers are partly exposed to show the construction of 
the pipe, and 

Fig. 2 shows a partly sectioned side view of a part of a similar pipe 
according to the invention. 

As appears from Fig. 1, the illustrated pipe 1 is constructed from a number 
of layers 2-7. These layers include an internal load bearing layer 2 for absorbing 
external pressure, an internal liner 3, a first load bearing structural layer 4 for absorbing 
internal pressure, two additional load bearing structural layers 5 and 6 for absorbing 
axial and bending loads, and an external cover 7. 

The internal layer 2 is required for applications where the pipe may be 
subjected to an external overpressure. If the internal liner 3 is not well bonded to the 
structural layer 4, the layer 2 will prevent collapse of the liner 3 in case of a rapid 
internal decompression. If the liner is well bonded to the structural layer 4, the internal 
layer 2 is required in order to prevent collapse on the structural layers. However, if the 
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structural layers have adequate resistance to external pressure, and the liner is well 
bonded to these, the layer 2 will not be required. This layer can be made of metal, like 
the carcass in traditional non-bonded flexible pipes. 

The internal liner 3 is a thermoplastic tube designed to make the pipe 1 
fluid-tight. The liner tube may be prefabricated by extrusion, and wound onto storage 
spools before assembly of the pipe components, or it may be extruded simultaneously 
with the assembly of the pipe. The thermoplastic material of the liner may be chosen 
based on the operating conditions. Potential materials are high density polyethylene, 
cross-linked polyethylene, polyamide or polyvinylidene fluoride (PVDF), or other 
suitable thermoplastic materials. 

It is important that the internal liner be bonded to the structural layers. 
Thermal bonding is preferable, something which requires the use of a liner material 
which is the same as or a similar material as the matrix of the first structural layer 4. 
Alternatively, co-extrusion can be used, wherein a layer of a temperature resistant and 
chemically resistant polymer is extruded within a tube of another material which is the 
same as or similar to the matrix of the first structural layer 4. Alternatively, the liner 
may be bonded to the structural layers by chemical or mechanical means. 

As stated above, the first structural layer 4 according to the invention 
consists of a solid layer of a polymeric material which is reinforced by long continuous 
fibres extending around the pipe. In this manner there is achieved a material having a 
high strength in the pipe hoop direction, and which is able to withstand high axial 
strains, i.e. transversely to the fibres. 

The reinforcement fibres are supplied in yarn bundles consisting of 
thousands of individual fibres. The fibres may consist of any high stiffness and strength 
fibres. The most suitable fibre types are aramid fibres, glass fibres or carbon fibres, 
having a diameter i the range 5-100 jim. The composite material is formed by 
combining the fibre bundles with the polymer matrix. The fibres can either be 
individually embedded in the matrix, or bundles of the fibres may be surrounded by 
fibre material, so that the fibres are free to move relative to each other (bundle or cord 
reinforced material). 
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In the embodiment shown in Fig. 1, the first structural layer 4 consists of a 
thermoplastic low module material reinforced by bundles 8 of fibres extending around 
the pipe 1, each bundle 8 containing a large number of relatively movable fibres and 
being surrounded by, but not bonded to the thermoplastic matrix 9. However, even if 
this is an advantageous and presently preferred embodiment, the first structural layer, as 
an alternative, may be manufactured from a thermoplastic low module material in 
which the reinforcement fibres are well distributed and bonded to the thermoplastic 
matrix (Fig. 2). This results in a composite material with higher stiffness and higher 
strength than a cord-reinforced material, but with lesser capacity to withstand axial 
strain. 

The fibre-reinforced thermoplastic material used in the structural layer 4, 
is prefabricated in tape form, the material consisting of long lengths spooled onto reels. 
The matrix material may be any of the polymeric materials mentioned above for the 
internal liner 3. If the matrix material of this layer is the same as or a similar material as 
the one used for the inner liner, the liner can be thermally bonded to this layer. This 
method is preferable. If the matrix material is different from the liner material, the liner 
must be chemically or mechanically bonded to this layer. 

The prefabricated tapes of cord-reinforced or, alternatively, fibre- 
reinforced thermoplastic material are assembled to form a solid reinforced layer over 
the internal liner. The layer is assembled by applying discrete tapes onto a liner at an 
angle between 15° and 90° to the longitudinal axis of the pipe. Bonding of these tapes to 
the layer below can be performed in one of two ways. The tapes may be wound onto a 
pipe and thermally bonded to the liner at the points of contact using any of a number of 
heating methods, including hot air, a flame or infrared radiation. Alternatively, the tapes 
may be wound onto the liner without heating. In this case all layers or plies are 
thermally bonded simultaneously by passing the completed pipe through a series of 
ovens providing external heat to the pipe wall. 

This first structural layer comprises several plies 10 wound at angles 
between 15° and 90° to the longitudinal axis of the pipe. The plies which have a 
winding angle at or close to 90° provide resistance to internal pressure. The plies having 
a lower winding angle, provide some axial stiffness and strength. The design of this 
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structural layer with regard to the number of layers, the thickness of the layers, and the 
angles of each layer is optimized for the design loads of each application. 

Alternatively, the solid structure of layer 4 may be manufactured from 
other composite materials. These could comprise any composite with a primary 
reinforcement in the circumferential or hoop direction of the pipe, and with high axial 
strain capacity. 

As mentioned, the two additional structural layers 5 and 6 added on the 
outside of the solid structural layer 4, are arranged to provide resistance to axial and 
bending loads. In order that the bending stiffness of the pipe 1 shall not be increased to 
a substantial degree, these layers must be non-bonded, and each layer therefore consists 
of a plurality of individual strips 1 1 which are wound around the pipe, but are not 
bonded to the adjacent strips or to the layers above or below these. 

In the embodiment of Fig. 1, the pipe 1 is provided with two additional 
layers 5 and 6, but there may possibly be provided four layers. As suggested in the 
Figure, the individual strips 1 1 are wound at alternating positive and negative angles to 
the longitudinal axis of the pipe. These angles can be in the region 15° - 60°. 

The strips of these layers may be manufactured from fibre-reinforced 
thermoset materials or fibre-reinforced thermoplastic materials. The most suitable fibre 
reinforcements are the same as for the cord-reinforced thermoplastic material For a 
thermoset matrix, epoxy is one suitable material. The candidate thermoplastic matrix 
materials are the same as for the cord-reinforced material. 

The application method of these layers depend on the matrix material 
chosen. For fibre-reinforced thermoset strips, the following manufacturing possibilities 
exist: 

* The strip are manufactured and simultaneously wound onto the pipe using 
wet filament winding and rapid cure after application. 

* Thin plies are prefabricated, cured and stored on reels. These plies are 
wound onto the pipe, with several plies applied on top of each other to 
build up the required thickness of the strip. The plies are bonded to each 
other using an adhesive, or could be left unbonded. 
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* Thin plies are prefabricated, and partially cured, and stored on reels. These 
plies are then wound onto the pipe, with several plies applied on top of 
each other to build up the required thickness. Heat is then applied to the 
finished layer to complete the cure of the thermoset material. 

If fibre-reinforced strips of a thermoplastic material are used, the 
following assembly method may be used: 

* Thin plies of fibre-reinforced thermoplastic material are prefabricated and 
stored on reels. These plies are then wound onto the pipe, with several 
plies applied on top of each other to build up the required thickness. The 
plies are bonded by applying heat at the points of contact. Alternatively, 
the plies may be left unbonded. 

The external cover 7 applied to the pipe 1, provides tightness against 
external fluids, and also resistance against scraping, abrasion, shock and biological 
growth. This cover may be manufactured of the same materials as for the internal liner 
3. The cover may be applied by being extruded over the finished pipe in a conventional 
manner. 

In Fig. 2 there is shown an embodiment of a pipe 12 according to the 
invention which in all essentials corresponds to the embodiment in Fig. 1, and wherein 
similar components in the two Figures are designated by the same reference numerals. 
The difference is that the pipe 12 is without any internal layer within the internal liner 
13, and that the first structural layer 14 is of another design than in the pipe 1 in Fig. 1. 
Thus, Fig. 2 shows the aforementioned embodiment wherein the solid structural layer 
14 consists of a thermoplastic material in which the reinforcement fibres 15 are well 
distributed in the thermoplastic matrix 16. 

Example 

An example of design parameters, dimensions and materials for a pipe 
according to the invention is given below. 
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Pipe design parameters 

* Internal diameter = 200 mm 

* Internal pressure = 50 MPa 

Internal liner 

* Purpose: To provide an internal fluid-tight barrier 

* Material: Polyamide 1 1 (thermoplastic polymer) 

* Thickness: 5 mm 

Pressure load bearing layer 

* Purpose: To withstand internal pressure loads 

* Material: Aramid bundle-reinforced polyamide 1 1 

* Form: A solid composite layer consisting of multiple layers of cord-reinforced or 
bundle-reinforced polyamide 11, wound at alternating angles of ±80° relative to the 
longitudinal axis of the pipe. All layers are consolidated into a solid composite layer 

* Thickness: 20 mm 

Axial and bending load bearing layers 

* Purpose: To withstand axial and bending loads 

* Material: Carbon fibre unidirectionally reinforced epoxy 

* Form: Two unbonded layers, each consisting of multiple discrete strips of 
unidirectionally reinforced epoxy. The two layers are wound onto the pipe at angles of 
+35° and -35° relative to the longitudinal axis of the pipe. 

* Thickness: 6 mm 

Cover 

* Purpose: To provide an external fluid-tight barrier, and in addition to protect against 
scraping, abrasion, shock and biological growth 

* Material: Polyamide 1 1 (thermoplastic polymer) 

* Thickness: 5 mm 

Pipe weight 

* Dry weight = 27,8 kg/m 

* Submerged weight = 3,0 kg/m 
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Patent claims 

1. A flexible lightweight high pressure pipe for riser or pipeline 
applications, especially offshore, comprising an internal liner (3), a first structural layer 
(4) applied to the internal liner, for absorbing pressure loads, one or more structural 
layers (5, 6) applied to the first structural layer (4), for absorbing axial and bending 
loads, and a fluid-tight external cover (7), wherein at least the first (4) and the additional 
(5, 6) structural layers are manufactured from a lightweight composite material 
consisting of a fibre-reinforced polymer matrix, 

characterized in that the first structural layer (4) is a solid layer which is 
reinforced by long continuous fibres (8) extending around the pipe (1), so that the layer 
has a high strength in the hoop direction of the pipe, and that each of the additional 
structural layers (5, 6), as known per se, consists of a plurality of individual strips (11) 
reinforced by fibres extending essentially in the longitudinal direction of the strips, and 
which are wound around the pipe (1), but are not bonded to the adjacent strips (1 1) or to 
the layers (4, 7) above or below these. 

2. A pipe according to claim 1, 

characterized in that also the internal liner (3) and the external cover (7) 
are manufactured from a polymeric material having a low module. 

3. A pipe according to claim 1 or 2, 

characterized in that the first structural layer (4) consists of a thermoplastic 
low module material which is reinforced by bundles (8) of fibres extending in the 
direction around the pipe (1), each bundle (8) containing a large number of mutually 
movable fibres and being surrounded by, but not bonded to the thermoplastic matrix (9). 

4. A pipe according to claim 1 or 2, 

characterized in that the first structural layer (14) is manufactured from a 
thermoplastic low module material in which the reinforcement fibres (5) are well 
distributed and bonded to the thermoplastic matrix (16). 

5. A pipe according to claim 3 or 4, 
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characterized in that the fibre-reinforced thermoplastic material consists of 
prefabricated strips (10) wound onto the internal liner (3) with an angle of 15° to 90° to 
the longitudinal axis of the pipe (1). 

6. A pipe according to claim 5, 

characterized in that the strips (10) are thermally bonded to the internal 
liner (3), this consisting of a pipe of the same or a similar thermoplastic material as the 
material in the first structural layer (4). 

7. A pipe according to claim 5, 

characterized in that the strips (10) are thermally bonded to the internal 
liner (3), this consisting of two layers of which an external layer consists of the same 
thermoplastic material as the material in the first structural layer (4), and an internal 
layer consists of a different material which is temperature and corrosion resistant. 

8. A pipe according one of the preceding claims, 
characterized in that the matrix material of the additional structural layers 
(5, 6) consists of a thermoplastic material. 

9. A pipe according to one of the claims 1-7, 
characterized in that the matrix material of the additional structural layers 
(5, 6) consists of a thermoset plastic material. 

10. A pipe according to claim 8 or 9, 

characterized in that the strips (11) of the additional structural layers (5, 6) 
are wound at alternating positive and negative angles between 15° and 60° to the 
longitudinal axis of the pipe (1). 

11. A pipe according one of the preceding claims, 
characterized in that the fibres consist of glass, aramid or carbon, having a 
diameter in the range 5-100 jam. 
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